Background Accessory pathways (APs) exhibiting "Mahaim fiber" physiology (antegrade conduction only, long conduction time, and decremental properties) often connect the lateral right atrium to the right bundle branch (right atriofascicular pathways). Potentials from these pathways have not been recorded previously. The purpose of this study was to determine whether AP activation potentials could be recorded from right atriofascicular APs and to determine whether these potentials could be used to localize a site for catheter ablation.
Background Accessory pathways (APs) exhibiting "Mahaim fiber" physiology (antegrade conduction only, long conduction time, and decremental properties) often connect the lateral right atrium to the right bundle branch (right atriofascicular pathways). Potentials from these pathways have not been recorded previously. The purpose of this study was to determine whether AP activation potentials could be recorded from right atriofascicular APs and to determine whether these potentials could be used to localize a site for catheter ablation.
Methods and Resuls Of 26 consecutive patients referred for catheter ablation of an AP producing a preexcited (antidromic) atrioventricular (AV) reentrant tachycardia having a left bundle branch block pattern with short ventriculoatrial and long AV intervals, 23 (88.5%) were found to have a right atriofascicular AP. During antidromic AV reentrant tachycardia, (1) right atrial extrastimuli (that did not penetrate the AV node) advanced the timing of the next QRS complex, indicating that the AP was connected to the right atrium; (2) earliest antegrade ventricular activation was recorded at the apical right ventricular free wall; and (3) ventricular activation was preceded by activation of the distal right bundle branch, indicating a fascicular insertion or a ventricular insertion close to the terminus of the right bundle branch. A single, discrete, high-frequency AP potential was recorded at the lateral, anterolateral, or posterolateral tricuspid annulus in 22 of the 23 patients 63± 12 milliseconds after the local atrial potential and 83±23 milliseconds before the local ventricular potential during sinus rhythm. The AP potential was also recorded at sites along the right ventricular free wall between the tricuspid annulus and the site of earliest ventricular activation at the apical region. Programmed atrial stimulation and adenosine each produced prolongation of AP conduction time because of an increase in the A-AP interval and Wenckebach block proximal to the AP potential. Radiofrequency current applied at a site recording the AP potential (tricuspid annulus in 19 patients and right ventricular free wall in 3 patients) eliminated AP conduction in all 22 patients. Tachycardia has not recurred in any patient during 18±13 months of follow-up. AP conduction was absent in all 9 patients who had a follow-up electrophysiological study 3.8±1.7 months after ablation.
Conclusions Right atriofascicular APs consist of two components. The proximal component is located at the lateral, anterolateral, or posterolateral tricuspid annulus, does not generate an AP potential recordable by catheter electrodes, and is responsible for the decremental conduction properties. The "distal" component extends from the tricuspid annulus to the distal right bundle branch at the apical right ventricular free wall and generates a large, high-frequency AP potential that accurately identifies a site for ablation. ( Mahaim fibers and whether these potentials could be used to localize a site for ablation of these fibers.
Methods

Study Population
The study population consisted of 26 (electrograms shown in Fig 2) . A and B, Electrode catheters were positioned in the apical region of the right ventricular free wall (RVFWA) at the site of earliest ventricular activation during fully preexcited ORS complexes, the right atrium (RA), His bundle region (HB), coronary sinus (CS), and right ventricular midseptal region (RVMS) to record activation of the mid right bundle branch (Fig 2A and 2B ). C and D, A mapping catheter inserted through the right subclavian vein was positioned along the mid right ventricular free wall (RVFWM) to record activation from the middle of the right atriofascicular AP (Fig 2C) . E and F, The subclavian mapping catheter was positioned against the lateral tricuspid annulus (TA) beneath the tricuspid leaflet and recorded activation of the proximal portion of the right atriofascicular AP (Fig 2D) .
Beginning 30 to 60 minutes after the final application of energy, programmed atrial and ventricular stimulation was performed with and without isoproterenol infusion (1 to 4 jg/min) to confirm the absence of AP conduction and AV reentrant tachycardia.
Postablation Management
Patients were monitored in an ambulatory unit and discharged on the second day after ablation. Transesophageal echocardiography was performed 18 to 72 hours after ablation. Fig 1A and 1B) . The earliest ventricular potential was preceded at that site by a distinct highfrequency potential (Fig 2B) . During sinus rhythm, the same potential preceded ventricular activation (Fig 2A) , suggesting that this potential represented activation of a distal segment of the right bundle branch. During fully preexcited QRS complexes, the entire length of the right bundle branch and the His bundle were activated retrogradely, and activation of the right bundle branch preceded the onset of the QRS complex ( Fig 2B) . These observations suggest that the AP may have inserted into the distal right bundle branch and that the ventricular myocardium may have been activated secondarily by the right bundle branch. These patients were considered to have a right atriofascicular AP.
In 9 of these 23 patients, transient right bundle branch block was produced by inadvertent or intentional catheter trauma to the right bundle branch at various sites along the septum, including the apex. In one additional patient (patient 12), permanent right bundle branch block had resulted from a previous DC ablation attempt at the right ventricular apex. Right bundle branch block did not block antegrade activation of the right ventricle via the AP in any of these 10 patients but did increase the tachycardia cycle length because of prolongation of the retrograde (VA) conduction time (Fig 3) . The increase in VA interval resulted from delay in retrograde activation of the His bundle (increase in VH interval, Table) . The failure of block in the septal right bundle branch to interrupt AP conduction indicates that the pathway inserted into the distal right bundle branch at the right ventricular free wall or into the free wall close to the terminus of the right bundle branch.
In 3 of the 26 patients, earliest ventricular activation during fully preexcited QRS complexes was recorded adjacent to the tricuspid annulus, suggesting an AV AP. The ventricular insertion was located close to the posterolateral tricuspid annulus in 2 patients and the posterior tricuspid annulus in 1. During fully preexcited complexes in these 3 patients, ventricular activation at the right ventricular apex followed the onset of the QRS complex by 22 to 38 milliseconds.
The morphology of the fully preexcited QRS complex did not reliably distinguish the three right AV APs from the 23 right atriofascicular APs, but some trends were evident. The initial forces of the QRS complex in lead V, were negative, and the downstroke of the QRS in lead V1 had a plateau or abrupt change in slope in 2 of tricuspid annulus (2-to 5-mm intervals) in the first 5 subsequent QRS complex during antidromic AV reenpatients identified the approximate location of the atrial trant tachycardia (Fig 4) and during AP conduction insertion of the AP at the lateral or anterolateral delay produced by programmed atrial stimulation (Fig  tricuspid annulus. Recordings at the tricuspid annulus 5) and adenosine administration (Fig 6) . The electroclose to those sites (Fig 1E and 1F ) identified a distinct grams recorded at the tricuspid annulus close to the AP potential, consistent with AP activation (Fig 2D) , in 4 of were similar in appearance to a His bundle electrogram the 5 patients. In the remaining 18 patients, atrial pace ( Figs 2D and 4 through 6 ). There was an isoelectric mapping was not used. The atrial end of the AP was interval between the atrial potential and the AP potenlocated exclusively by recording an AP activation potential at all sites along the tricuspid annulus, suggesting tial along the tricuspid annulus (Fig 4) . in 17 patients demonstrated that prolongation of the antegrade AP conduction time resulted from a delay in the onset of the AP potential at the tricuspid annulus (increase in A-AP interval), whereas the interval between the AP potential and the QRS complex of fully preexcited complexes remained relatively constant ( Fig  5) . Stable recordings of AP potentials were obtained during pacing-induced AP conduction block in 9 patients; block consistently occurred proximal to the AP potential (Fig 5D) . AP recordings were obtained after adenosine (6 to 12 mg IV) was administered during AV reentrant tachycardia or during atrial pacing in 9 patients. AP conduction delay and then block occurred proximal to the AP potential in all 9 patients (Fig 6) . Catheter-Induced AP Extrasystoles and Conduction Block in Right Atriofascicular APs AP extrasystoles were observed at electrophysiological study in 5 patients. The QRS complexes were identical to the fully preexcited complexes and were preceded by an AP potential with similar AP-V interval FIG 4 . Direct recordings of activation of the proximal end of a right atriofascicular accessory pathway (AP) during sinus rhythm (A) and during antidromic atrioventricular (AV) reentrant tachycardia (B) in patient 15. Recordings from the tricuspid annulus (TAd) using a 2-mm spaced bipolar electrode show distinct atrial, AP, and ventricular potentials. During sinus rhythm, the AP potential followed the local atrial potential (A-AP interval) by 85 milliseconds. During tachycardia, the A-AP interval increased to 125 milliseconds, and the AP potential preceded the onset of the QRS complex by 65 milliseconds. Note that during tachycardia, the ventricular potential at the tricuspid annulus was recorded 25 milliseconds after the onset of the QRS complex, indicating that ventricular activation began far from the atrial end of the atriofascicular pathway. Retrograde His bundle activation (Retro H) occurs coincidently with the onset of the QRS complex, which rapidly distinguishes this arrhythmia from antidromic AV reentrant tachycardia using a typical accessory AV pathway for antegrade conduction, whereas retrograde His bundle activation is recorded well after the onset of the QRS complex. (Fig 7) . In 3 patients, the extrasystoles appear to have been produced by catheter contact with the AP, since extrasystoles with this morphology were observed only when the mapping catheter was close enough to the AP to record the AP potential (Fig 7) . In the other 2 patients, spontaneous AP extrasystoles were also present on monitor recordings before electrophysiological study.
Conduction block over the right atriofascicular AP was produced by light catheter trauma in 13 of the 23 patients (57%) when the mapping catheter was positioned to record the AP potential close to the tricuspid annulus or along the basal half of the right ventricular free wall. Loss of AP conduction was consistently associated with loss of the AP potential at the block site and apical to that site (Fig 8A) but not proximal to the block site (Fig 8B) . In 8 of the 13 patients, AP conduction block was transient. Recurrence of AP conduction was associated with the return of the AP potential. In the remaining 5 patients, AP conduction block persisted through the remainder of the procedure, and ablation was targeted at the AP potential recorded proximal to the block site (Fig 8B) .
Radiofrequency Catheter Ablation of Right Atriofascicular APs
The right atriofascicular AP was successfully ablated in a single session in all 23 patients. The successful application of radiofrequency current was delivered close to the tricuspid annulus in 20 patients and at the right ventricular free wall (one fourth to one third of the distance from the tricuspid annulus to the apex) in 3 patients. Radiofrequency current was applied during right atrial pacing or antidromic AV reentrant tachycardia to verify the loss of AP conduction (Fig 9) W. Extrasystoles or a brief accelerated rhythm that probably originated in the AP (QRS morphology identical to fully preexcited QRS complexes, early ventricular activation at the right ventricular apex, and early retrograde activation of the right bundle branch and His bundle) occurred at the onset of the successful application of radiofrequency current in 11 patients (Fig 9) . resulted in loss of AP conduction, and to sites proximal to the block, which continued to generate an AP potential (Fig 8B) .
Of the 20 atriofascicular APs that were ablated close to the tricuspid annulus, radiofrequency current was delivered below the tricuspid leaflet via the right subclavian venous approach in 7 patients, above the tricuspid leaflet via the subclavian approach in 7 patients, above the tricuspid leaflet via the femoral approach in 5 patients (Fig 10) , and below the leaflet via the femoral approach in 1 patient. The most stable ablation electrode position was obtained by the right subclavian venous approach, maneuvering the 4-mm-tip electrode beneath the tricuspid leaflet high against the annulus (Fig 1E and 1F) . A somewhat less stable but more readily attained subclavian approach was to position the electrode above the tricuspid leaflet, either by forming a loop in the right atrium and advancing the loop into the ventricle until the tip electrode rested on the lateral tricuspid annulus or by positioning the tip of the catheter directly against the annulus without forming a loop. The femoral approach was better suited to patients with a small heart (Fig 10) , whereas the subclavian approach was more effective in patients with a large heart. In the A.
B. 3 patients in whom the AP was ablated along the right ventricular free wall, the femoral approach was used in 2 patients and the subclavian approach in the other. Neither AV reentrant tachycardia nor even single ventricular echo complexes were induced by programmed atrial or ventricular stimulation after ablation, either in the baseline state or during isoproterenol administration (0.5 to 4 ,ug/min) in any of the 23 patients. The location around the tricuspid annulus of the successful ablation site or the site recording the AP potential is illustrated in Fig 11. One patient also had a concealed left anterolateral accessory AV pathway. This pathway was successfully ablated by two applications of radiofrequency current delivered to the mitral annulus, beneath the mitral leaflet, via the retrograde approach.16 One patient also had a right midseptal accessory AV pathway, which was successfully ablated by a single application of radiofrequency current delivered to the ventricular side of the tricuspid annulus just anterior to the anterior margin of the coronary sinus ostium. Sustained AV nodal reentrant tachycardia (slow pathway antegrade/fast pathway retrograde) was induced by programmed atrial stimulation before and after ablation of the right atriofascicular pathway in 2 patients and, in 1 26 patients, the AP originated from the right atrium rather than the AV node. In 3 patients, the AP inserted directly into the ventricle, adjacent to the tricuspid annulus; these patients were considered to have an AV AP. The ventricular insertion of these three AV pathways was located adjacent to the posterolateral or posterior tricuspid annulus (Fig 11) . In 23 patients (88%), antegrade conduction over the AP resulted in earliest ventricular activation at the apical third of the right ventricular free wall with early retrograde activation of the right bundle branch. The earliest ventricular potential during fully preexcited complexes was preceded by a short high-frequency potential ( Figs 2B, 2C,  and 3 ). This high-frequency potential also preceded the local ventricular potential during sinus rhythm, when conduction occurred exclusively over the normal conduction system (Fig 2A) , suggesting that the potential represented activation of a distal segment of the right bundle branch. Catheter-induced right bundle branch block at any site along the septum, including close to the apex, failed to affect antegrade conduction over the AP, suggesting that the AP inserted into the distal right bundle branch at the apical region of the right ventricular free wall (moderator band). These observations are consistent with the hypotheses of earlier investigators suggesting that these APs may insert directly into the right bundle branch (right atriofascicular APs) and that the right ventricle may be activated secondarily.11
A distinct AP activation potential was recorded close to the lateral, anterolateral, or posterolateral tricuspid annulus in 22 of 23 patients with right atriofascicular pathways. The AP potential was a high-frequency potential of short duration, similar to that recorded from the His bundle or right bundle branch ( Figs 2D and 4  through 8 ). An isoelectric interval separated the local atrial potential and the AP potential (mean A-AP interval, 63 milliseconds). Conduction delay and block produced by programmed atrial stimulation and adenosine administration occurred between the atrial and AP potentials (Figs 5 and 6 ), suggesting a proximal component that is responsible for the decremental conduction properties of right atriofascicular APs but does not generate an AP potential and a "distal" component that generates the AP potential.
The AP potential was also recorded between the tricuspid annulus and the apical portion of the right ventricular free wall. Earliest ventricular activation was recorded at the apical region of the right ventricular free wall, suggesting that the "distal" component of the AP was a single, long fiber without an intermediate insertion into the right ventricle, similar to the right bundle branch. As with the right bundle branch, light pressure from the recording electrodes resulted in loss of the AP activation potential and AP conduction (Fig 8) .
These observations are consistent with the hypothesis that right atriofascicular APs represent an "accessory" AV conduction system consisting of a proximal component (similar to the AV node) positioned at or above the tricuspid annulus, which connects to a "distal" component (similar to the right bundle branch) that generates the AP potential. The right bundle branch-like component courses along the endocardial surface of the right ventricular free wall from the tricuspid annulus to the apical region (Fig 12) . This fiber may insert into the apical portion of the right ventricular free wall, close to the distal components of the right bundle branch (Fig  12A) , or fuse with the distal right bundle branch ( Fig  12B) . The concept that right atriofascicular APs may represent an "accessory" AV conduction system is supported by the observations of Guiraudon and coworkers. 24 Histological examination of a block of right atrium encompassing a right atriofascicular AP showed a node of cells morphologically similar to the cell types generally seen in and around the AV node, including transitional cells, nodal cells, and P cells. Kent's description25,26 of a collection of specialized conduction fibers at the anterolateral tricuspid annulus may be more consistent with the AV node-like proximal portion of a right atriofascicular pathway than the common type of AP, which is often referred to as a "Kent bundle." More recently, Becker and Anderson and coworkers2728 and Bharati and Lev and coworkers29,30 have described AV node-like APs at the anterolateral tricuspid annulus that might have been right atriofascicular APs.
None of the 26 patients in this study had an AP extending from the AV node to the right bundle branch or right ventricle. The AP originated from the right atrial free wall in all patients. This is consistent with the findings of earlier studies of surgical ablation of "Mahaim fibers" reported by Gillette (Fig  3) . Ablation close to the atrial end of the AP should be highly successful, with a lower risk of proarrhythmia. 
